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A semiconductor device in which a plurality of chips each 
including a memory circuit is stacked , the semiconductor 
device includes a transmission path including a plurality of 
microbumps formed in the plurality of chips , measurement 
circuitry that detects a reflected waveform when a signal is 
transmitted in the transmission path and measures propaga 
tion delay time for a certain part on the transmission path 
from the reflected waveform that has been detected , deter 
mination circuitry that calculates temperature of each 
memory area that corresponds to the certain part from the 
propagation delay time that has been measured by the 
measurement circuitry , and control circuitry that sets a 
refresh interval of each memory area , based on the tempera 
ture of each memory area , which has been calculated by the 
determination circuitry , and executes a refresh operation of 
the memory circuit in each memory area at the refresh 
interval that has been set . 
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SEMICONDUCTOR DEVICE AND CONTROL 
METHOD FOR SEMICONDUCTOR DEVICE 

CROSS - REFERENCE TO RELATED 
APPLICATION 

[ 0001 ] This application is based upon and claims the 
benefit of priority of the prior Japanese Patent Application 
No . 2016 - 242188 , filed on Dec . 14 , 2016 , the entire contents 
of which are incorporated herein by reference . 

mination circuitry that calculates temperature of each 
memory area that corresponds to the certain part from the 
propagation delay time that has been measured by the 
measurement circuitry , and control circuitry that sets a 
refresh interval of each memory area , based on the tempera 
ture of each memory area , which has been calculated by the 
determination circuitry , and executes a refresh operation of 
the memory circuit in each memory area at the refresh 
interval that has been set . 
[ 0008 ) The object and advantages of the invention will be 
realized and attained by means of the elements and combi 
nations particularly pointed out in the claims . 
10009 ] It is to be understood that both the foregoing 
general description and the following detailed description 
are exemplary and explanatory and are not restrictive of the 
invention , as claimed . 

FIELD 
10002 ] The embodiments discussed herein are related to a 
semiconductor device and a control method for a semicon 
ductor device . 

BACKGROUND 
[ 0003 ] A stacked memory device in which a plurality of 
memory chips each including a dynamic random access 
memory ( DRAM ) circuit is stacked by coupling the memory 
chips via through silicon via ( TSV ) repeatedly performs a 
refresh operation at regular time intervals such that stored 
contents ( data ) are not lost due to discharge from a storage 
element of the DRAM circuit . Because the higher tempera 
ture becomes , the higher a discharging rate of discharge of 
electric charges from the storage element of the DRAM 
circuit becomes , the stacked memory device sets a uniform 
shortest refresh interval for the entire device such that the 
refresh interval is suitable for a memory block having the 
highest temperature inside of the device and executes a 
refresh operation , but as the temperature increases , the 
refresh interval is reduced to increase execution frequency . 
10004 ] A technology in which , in a stacked memory 
device in which a plurality of memory chips is stacked by 
coupling the memory chips via TSV , a temperature sensor 
circuit is disposed in each memory chip to output tempera 
ture information of the memory chip to the outside of the 
device , a refresh interval is externally set for each memory 
chip , based on the temperature information , and a refresh 
operation is performed has been proposed . 
[ 0005 ] In the stacked memory device , a temperature dif 
ference occurs inside of the device due to an influence , such 
as an operation state of an inner circuit , heat generation of 
an LSI disposed therearound , or the like , and , even in a part 
in which temperature is low and the refresh interval may be 
long , the shortest refresh interval is set , and thereby , the 
execution frequency of the refresh operation is increased , so 
that power consumption of the stacked memory device is 
increased 
[ 0006 ] The following is a reference document . 

BRIEF DESCRIPTION OF DRAWINGS 
[ 0010 ] FIG . 1A and FIG . 1B are views illustrating a 
configuration example of a stacked memory device accord 
ing to an embodiment ; 
[ 0011 ] FIG . 2 is a view illustrating a configuration 
example of a stacked memory device in a first embodiment ; 
[ 0012 ] FIG . 3 is a diagram illustrating a configuration 
example of a stacked memory device in the first embodi 
ment ; 
[ 0013 ] . FIG . 4 is a diagram illustrating a functional con 
figuration example for refresh control in a stacked memory 
device in the first embodiment ; 
[ 0014 ] FIG . 5 is a chart illustrating an example of refresh 
control in a stacked memory device in the first embodiment ; 
[ 0015 ] FIG . 6 is a chart illustrating an example of a 
reflected waveform in TDR measurement in the first 
embodiment ; 
[ 0016 ] FIG . 7 is a graph illustrating an example of propa 
gation delay time and temperature characteristics in the first 
embodiment ; 
[ 0017 ] FIG . 8 is a table illustrating an example of a refresh 
condition table in the first embodiment ; 
[ 0018 ] FIG . 9 is a diagram illustrating a functional con 
figuration example for refresh control in a stacked memory 
device in a second embodiment ; 
[ 0019 ) FIG . 10 is a chart illustrating an example of refresh 
control in a stacked memory device in the second embodi 
ment ; 
[ 0020 FIG . 11 is a view illustrating a configuration 
example of a stacked memory device in a third embodiment ; 
[ 0021 ] FIG . 12 is a chart illustrating an example of refresh 
control in a stacked memory device in the third embodiment ; 
10022 ] . FIG . 13 is a chart illustrating an example of a 
reflected waveform in TDR measurement in the third 
embodiment ; 
100231 . FIG . 14 is a graph illustrating an example of 
propagation delay time and temperature characteristics in 
the third embodiment ; 
[ 0024 ] FIG . 15A and FIG . 15B are views illustrating a 
configuration example of a stacked memory device in a 
fourth embodiment ; 
10025 ] FIG . 16 is a view illustrating a configuration 
example of a stacked memory device in the fourth embodi 
ment ; 
10026 ] FIG . 17 is a chart illustrating an example of refresh 
control in a stacked memory device in the fourth embodi 
ment ; and 

[ Document 1 ] Japanese Laid - open Patent Publication No . 
2012 - 142576 . 

SUMMARY 
[ 00071 According to an aspect of the invention , a semi 
conductor device in which a plurality of chips each includ 
ing a memory circuit is stacked , the semiconductor device 
includes a transmission path including a plurality of 
microbumps formed in the plurality of chips , measurement 
circuitry that detects a reflected waveform when a signal is 
transmitted in the transmission path and measures propaga 
tion delay time for a certain part on the transmission path 
from the reflected waveform that has been detected , deter 
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[ 0027 ] FIG . 18 is a chart illustrating an example of a 
reflected waveform in TDR measurement in the fourth 
embodiment . 

DESCRIPTION OF EMBODIMENTS 
[ 0028 ] Embodiments will be described with reference to 
the accompanying drawings . 
[ 0029 ] FIG . 1A is a view illustrating a configuration 
example of a stacked memory device as a semiconductor 
device to which each of embodiments described below is 
applied . As illustrated in FIG . 1A , the stacked memory 
device includes a logic chip 101 including a logic circuit and 
a plurality of memory chips ( DRAM chips ) 102 each 
including a dynamic random access memory ( DRAM ) cir 
cuit as a memory circuit . The plurality of memory chips 102 
is stacked on the logic chip 101 and is coupled to the logic 
chip 101 via through silicon via ( TSV ) . 
[ 0030 ] FIG . 1B is a cross - sectional view illustrating a 
configuration example of a stacked memory device . In FIG . 
1B , a region including a part of the logic chip 101 and parts 
of the memory chips 102 of the stacked memory device 
( similar applies to configuration diagrams given below ) is 
illustrated . In each of the memory chips 102 , a memory cell 
including a storage element ( a capacitive element ) is formed 
in a memory cell region 111 . Also , in the memory chip 102 , 
an interconnect 112 for the memory cell is formed . In the 
logic chip 101 , a circuit element 113 , such as a logic element 
of a logic circuit , an interconnect , or the like , which realizes 
a certain function , is formed . 
[ 0031 ] The logic chip 101 and the memory chips 102 are 
coupled to one another via the through silicon via ( TSV ) . An 
underfill 104 using a dielectric material is filled between the 
logic chip 101 and the memory chips 102 . In order to 
facilitate observation of a reflected waveform in time 
domain reflectometry ( TDR ) measurement in each of 
embodiments described below , the underfill 104 is prefer 
ably an underfill ( a high dielectric underfill ) using a high 
dielectric material . 
[ 0032 ] In a stacked memory device in each of embodi 
ments described below , it is possible to independently set a 
time interval ( a refresh interval ) at which a refresh operation 
is performed for each of a plurality of divided memory areas 
( regions ) . In FIG . 1B , an example in which the region is 
divided into memory areas Al to A5 is illustrated . In the 
stacked memory device in each of embodiments described 
below , the temperature of each memory area is calculated by 
analyzing a reflected waveform in TDR measurement and a 
refresh interval is set for each memory area , based on the 
calculated temperature . Note that , in the following descrip 
tion , data write control ( write control ) and data read control 
( read control ) in the stacked memory device are similar to 
those in a known technology , and therefore , the description 
thereof will be omitted and refresh control will be described . 

formed of an interconnect 201 , such as TSV , an intra - chip 
interconnect , or the like , and a microbump unit including a 
microbump 202 and a solder 203 that joins the microbumps 
202 together . 
10035 ] As illustrated in FIG . 3 , one end of the transmission 
path that is used for TDR measurement is coupled to a TDR 
unit 301 in the logic chip 101 . The other end of the 
transmission path that is used for TDR measurement is 
terminated by a terminal resistor . The TDR unit 301 is able 
to analyze the transmission path by TDR measurement in a 
time domain and includes a characteristic table that indicates 
a relationship between propagation delay time ( or imped 
ance ) and temperature in the transmission path . The TDR 
unit 301 measures change in the propagation delay time or 
the impedance in the transmission path by applying a pulse 
signal or a step signal to the transmission path and observing 
a reflected waveform that returns . 
[ 0036 ] The TDR unit 301 includes a signal output unit 
302 , a signal detection unit 303 , and an analysis processing 
unit 304 . The signal output unit 302 outputs a pulse signal 
or a step signal to the transmission path that is used for TDR 
measurement . The signal detection unit 303 detects a 
reflected wave that is generated in the transmission path 
when the signal that is output from the signal output unit 302 
is transmitted therethrough and returns to the TDR unit 301 . 
The analysis processing unit 304 analyzes a reflected wave 
form that has been detected by the signal detection unit 303 
and calculates temperature , based on an analysis result and 
the characteristic table . 
[ 0037 ] In the transmission path that is used for TDR 
measurement , the microbump unit ( 202 , 203 ) is thicker than 
the interconnect 201 and the impedances of the interconnect 
201 and the microbump unit ( 202 , 203 ) are different from 
one another . Therefore , in the transmission path that is used 
for TDR measurement , the microbump unit ( 202 , 203 ) 
serves as a reflecting point and a reflected wave returns to 
the TDR unit 301 . Propagation delay time tpd in a reflected 
waveform is represented by , for example , tpd = 3 . 34xVer 
[ ps / mm ] ( er is relative permittivity ) . Thus , as the tempera 
ture increases , the impedance reduces and the propagation 
delay time in the reflected waveform increases . 
[ 0038 ] . Accordingly , the stacked memory device in the first 
embodiment measures the propagation delay time of the 
microbump unit ( 202 , 203 ) and calculates temperature in 
vicinity of each memory cell located between the 
microbumps 202 from the propagation delay time that has 
been measured . Then , a refresh interval of each memory area 
is set , based on the temperature that has been calculated and 
a refresh operation is executed in accordance with the 
refresh interval that has been set . Note that , as described 
above , when a high dielectric material is used for the 
underfill 104 , the impedance of the microbump unit ( 202 , 
203 ) is further reduced and the propagation delay time is 
further increased , so that observation of a reflected wave 
form is facilitated . 
( 0039 ] FIG . 4 is a diagram illustrating a functional con 
figuration example for refresh control in a stacked memory 
device in the first embodiment . In a logic chip 410 , a 
processor 411 performs various types of control including 
refresh control for a memory chip 420 , which are performed 
in the stacked memory device . A propagation delay time 
measurement unit 412A performs TDR measurement using 
a transmission path formed in the memory chip 420 and 
measures propagation delay time from a reflected waveform 

First Embodiment 
[ 0033 ] A first embodiment will be described . 
[ 0034 ] FIG . 2 is a cross - sectional view illustrating a con 
figuration example of a stacked memory device in the first 
embodiment . As illustrated in FIG . 2 , the stacked memory 
device in the first embodiment has the configuration illus - 
trated in FIG . 1B and includes a transmission path that is 
used for TDR measurement for temperature measurement . 
The transmission path that is used for TDR measurement is 
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that has been observed . Functions of the propagation delay 
time measurement unit 412A are realized by the signal 
output unit 302 , the signal detection unit 303 , and the 
analysis processing unit 304 which are illustrated in FIG . 3 . 
[ 0040 ] A temperature determination unit 413 includes a 
propagation delay time - temperature characteristic table 
414A that indicates a relationship between propagation 
delay time and temperature . The temperature determination 
unit 413 refers to the propagation delay time - temperature 
characteristic table 414A , calculates temperature TMP from 
propagation delay time that has been measured by the 
propagation delay time measurement unit 412A , and outputs 
the temperature TMP to the processor 411 . A function of the 
temperature determination unit 413 is realized by the analy 
sis processing unit 304 illustrated in FIG . 3 . 
[ 0041 ] When the processor 411 receives the temperature 
TMP that has been output from the temperature determina 
tion unit 413 , the processor 411 refers to a refresh condition 
table 415 that indicates setting of a refresh interval relative 
to temperature and sets a refresh interval in accordance with 
the temperature TMP for each memory area . Also , the 
processor 411 controls a control signal RCTL or the like 
related to refresh for a memory in accordance with the 
refresh interval that has been set and instructs the memory 
to execute a refresh operation . 
[ 0042 ] FIG . 5 is a chart illustrating an example of refresh 
control in a stacked memory device in the first embodiment . 
In refresh control in the first embodiment , before refresh 
control is performed , the propagation delay time - tempera 
ture characteristic table 414A that indicates a relationship 
between propagation delay time of the microbump unit ( 202 , 
203 ) and temperature which have been obtained in advance 
is stored in the logic chip 410 ( 501 ) . Also , a refresh 
condition that indicates a refresh interval relative to tem 
perature is set in the refresh condition table 415 of the logic 
chip 410 ( 502 ) . 
[ 0043 ] When refresh control is started , the propagation 
delay time measurement unit 412A performs TDR measure 
ment using a transmission path which is formed in the 
memory chip 420 and includes a plurality of microbump 
units ( 202 , 203 ) , and detects a reflected waveform ( 503 ) . 
Subsequently , the propagation delay time measurement unit 
412A performs analysis processing on the reflected wave 
form that has been detected and measures propagation delay 
time of each microbump unit ( 202 , 203 ) ( between reflecting 
points ) ( 504 ) . For example , it is assumed that a reflected 
waveform that indicates change in impedance , which is 
illustrated in FIG . 6 , has been detected by reflection of the 
microbump units at a point A and a point B illustrated in 
FIG . 3 . In this case , the propagation delay time measurement 
unit 412 A measures , assuming that a time width with which 
a change amount of impedance is the half of a total change 
amount Zp , that is , 1 / 2xZp , as the propagation delay time , At1 
as the propagation delay time generated by the microbump 
unit at the point A and At2 as the propagation delay time 
generated by the microbump unit at the point B in an 
example illustrated in FIG . 6 . 
[ 0044 ] Next , the temperature determination unit 413 refers 
to the propagation delay time - temperature characteristic 
table 414A and calculates temperature of each memory area 
from the propagation delay time that has been measured in 
processing 504 ( 505 ) . For example , it is assumed that the 
relationship between the propagation delay time and the 
temperature , which is indicated by the propagation delay 

time - temperature characteristic table 414A , indicates char 
acteristics illustrated in FIG . 7 . In this case , the temperature 
determination unit 413 determines that temperatures that 
correspond to the propagation delay times Atl and At2 are 
T1 and T2 and determines that temperature in vicinity of a 
memory cell located between the microbumps 202 at the 
point A and the point B illustrated in FIG . 3 is Tm ( = ( T1 + 
T2 ) / 2 ) . Thus , the temperature determination unit 413 calcu 
lates temperature of each memory area from the propagation 
delay time that has been measured in the processing 504 . 
[ 0045 ] Next , the processor 411 refers to the refresh con 
dition table 415 and sets a refresh interval of each memory 
area , based on the temperature of each memory area , which 
has been calculated in processing 505 ( 506 ) . In FIG . 8 , an 
example of the refresh condition table 415 is illustrated . In 
the example illustrated in FIG . 8 , if the temperature is Taº 
C . or more and less than Tb ° C . , the refresh interval is set 
to Ca us . Also , if the temperature is Tb °C . or more and less 
than Tc °C . , the refresh interval is set to Cb us ( for example , 
a cycle of 1 / 2 times of Ca ) , which is lower than Ca , and , if 
the temperature is Tc ° C . or more and less than Td ° C . , the 
refresh interval is set to Cc us ( for example , a cycle of 1 / 2 
times of Cb ) , which is lower than Cb . 
[ 0046 ] When the refresh interval of each memory area is 
set in processing 506 , the processor 411 performs control of 
a refresh operation for a memory in accordance with the 
refresh interval that has been set ( 507 ) . Thereafter , the 
stacked memory device regularly executes an operation of 
503 to 507 . 
[ 0047 ] The stacked memory device in the first embodi 
ment calculates the temperature of each memory area from 
the propagation delay time that has been obtained by TDR 
measurement using the transmission path formed in the 
memory chip 420 and sets the refresh interval of each 
memory area , based on the temperature that has been 
calculated . Thus , the memory areas are controlled such that 
a short refresh interval is set for a memory area in which 
temperature is high and a long refresh interval is set for a 
memory area in which temperature is low , and then , a refresh 
operation may be executed for each memory area . There 
fore , in the stacked memory device in the first embodiment , 
optimization of refresh intervals may be achieved , a refresh 
operation may be executed for each memory area at proper 
refresh intervals in accordance with the temperature of the 
memory area , and power consumption may be reduced . 
Also , a wait time for waiting an access from a CPU may be 
reduced and performance may be increased , as compared to 
a case in which a uniform refresh interval is set for the entire 
memory , by executing a refresh operation for each memory 
area at proper refresh intervals in accordance with the 
temperature of the memory area . 

Second Embodiment 

[ 0048 ] Next , a second embodiment will be described . In a 
reflected waveform obtained by TDR measurement , a 
change amount of impedance also changes in accordance 
with temperature . In the second embodiment , change in 
impedance of the microbump unit ( 202 , 203 ) is measured 
and temperature in vicinity of each memory cell located 
between the microbumps 202 is calculated from impedance 
that has been measured . Note that a configuration of a 
stacked memory device in the second embodiment is similar 
to the configuration of the staked memory device in the first 
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area , based on the temperature that has been calculated . 
Thus , the memory areas are controlled such that a short 
refresh interval is set for a memory area in which tempera 
ture is high and a long refresh interval is set for a memory 
area in which temperature is low , and then , a refresh 
operation may be executed for each memory area . There 
fore , in the stacked memory device in the second embodi 
ment , optimization of refresh intervals may be achieved , a 
refresh operation may be executed for each memory area at 
proper refresh intervals in accordance with the temperature 
of the memory area , and power consumption may be 
reduced . Also , a wait time for waiting an access from a CPU 
may be reduced and performance may be increased , as 
compared to a case in which a uniform refresh interval is set 
for the entire memory , by executing a refresh operation for 
each memory area at proper refresh intervals in accordance 
with the temperature of the memory area . 

Third Embodiment 

embodiment , which is illustrated in FIG . 2 and FIG . 3 , and 
therefore , the description thereof will be omitted . 
[ 0049 ] FIG . 9 is a diagram illustrating a functional con 
figuration example for refresh control in a stacked memory 
device in the second embodiment . In FIG . 9 , components 
with functions substantially identical to those illustrated in 
FIG . 4 are identified by identical reference symbols to those 
in FIG . 4 and the description thereof will not be repeated . An 
impedance measurement unit 412B performs TDR measure 
ment using a transmission path formed in the memory chip 
420 and measures impedance from a reflected waveform that 
has been observed . Functions of the impedance measure 
ment unit 412B are realized by the signal output unit 302 , the 
signal detection unit 303 , and the analysis processing unit 
304 . 
[ 0050 ] The temperature determination unit 413 includes 
an impedance - temperature characteristic table 414B that 
indicates a relationship between impedance and tempera 
ture . The temperature determination unit 413 refers to the 
impedance - temperature characteristic table 414B , calculates 
temperature TMP from impedance that has been measured 
by the impedance measurement unit 412B , and outputs the 
temperature TMP to the processor 411 . A function of the 
temperature determination unit 413 is realized by the analy 
sis processing unit 304 . 
[ 0051 ] FIG . 10 is a chart illustrating an example of refresh 
control in a stacked memory device in the second embodi 
ment . In refresh control in the second embodiment , before 
refresh control is performed , the impedance - temperature 
characteristic table 414B that indicates a relationship 
between the impedance of the microbump unit ( 202 , 203 ) 
and temperature which have been obtained in advance is 
stored in the logic chip 410 ( 1001 ) . Also , a refresh condition 
that indicates a refresh interval relative to temperature is set 
in the refresh condition table 415 of the logic chip 410 
( 1002 ) . 
10052 ] When refresh control is started , the impedance 
measurement unit 412B performs TDR measurement using 
a transmission path which is formed in the memory chip 420 
and includes a plurality of microbump units ( 202 , 203 ) and 
detects a reflected waveform ( 1003 ) . Subsequently , the 
impedance measurement unit 412B performs analysis pro 
cessing on the reflected waveform that has been detected and 
measures impedance of each microbump unit ( 202 , 203 ) 
( between reflecting points ) ( 1004 ) . Next , the temperature 
determination unit 413 refers to the impedance - temperature 
characteristic table 414B and calculates temperature of each 
memory area from the impedance that has been measured in 
processing 1004 ( 1005 ) . 
[ 0053 ] Next , the processor 411 refers to the refresh con 
dition table 415 and sets a refresh interval of each memory 
area , based on the temperature of each memory area , which 
has been calculated in processing 1005 ( 1006 ) . When the 
refresh interval of each memory area is set in the processing 
1006 , the processor 411 performs control of a refresh 
operation for a memory in accordance with the refresh 
interval that has been set ( 1007 ) . Thereafter , the staked 
memory device regularly executes an operation of 1003 to 
1007 . 
[ 0054 ] As described above , the stacked memory device in 
the second embodiment calculates temperature of each 
memory area from impedance that has been obtained by 
TDR measurement using the transmission path formed in the 
memory chip 420 and sets a refresh interval of each memory 

[ 0055 ] Next , a third embodiment will be described . 
[ 0056 ] When an LSI , such as a CPU or the like , is disposed 
in vicinity of a stacked memory device , the stacked memory 
device is influenced by heat generation of the LSI , so that , 
in the stacked memory device , temperature is high in a side 
close to the LSI and temperature is low in a side distant form 
the LSI . In the third embodiment , as illustrated in an 
example in FIG . 11 , propagation delay time of a partial 
transmission path in a longitudinal direction ( a stacking 
direction ) which includes a plurality of microbump units 
( 202 , 203 ) and an interconnect ( including TSV ) 201 is 
measured by the TDR unit 301 and temperature of a memory 
area in the corresponding part is calculated from the propa 
gation delay time that has been measured . That is , the 
propagation delay time between microbump units coupled in 
the longitudinal direction ( the stacking direction ) via the 
TSV 201 is measured . For example , in the transmission path 
formed in a memory chip for TDR measurement , propaga 
tion delay time between a lowermost microbump unit and an 
uppermost microbump unit that is disposed above the low 
ermost microbump unit is measured . Note that a configura 
tion and a functional configuration of the stacked memory 
device in the third embodiment are similar to the configu 
ration and the functional configuration of the stacked 
memory device in the first embodiment , which are illus 
trated in FIG . 2 to FIG . 4 , and therefore , the description 
thereof will be omitted . 
[ 0057 ] FIG . 12 is a chart illustrating an example of refresh 
control in a stacked memory device in the third embodiment . 
In refresh control in the third embodiment , before refresh 
control is performed , the propagation delay time - tempera 
ture characteristic table 414A that indicates a relationship 
between propagation delay time of a partial transmission 
path in the longitudinal direction ( the stacking direction ) 
which includes the plurality of microbump units ( 202 , 203 ) 
and the interconnect ( including TSV ) 201 and temperature 
which have been obtained in advance is stored in the logic 
chip 410 ( 1201 ) . For example , in this example , the propa 
gation delay time - temperature characteristic table 414A for 
a transmission path including three microbump units ( 202 , 
203 ) and three TSVs 201 is stored . Also , a refresh condition 
that indicates a refresh interval relative to temperature is set 
in the refresh condition table 415 of the logic chip 410 
( 1202 ) . 
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executing a refresh operation for each memory area at 
proper refresh intervals in accordance with the temperature 
of the memory area . 

[ 0058 ] When refresh control is started , the propagation 
delay time measurement unit 412A performs TDR measure 
ment using a transmission path which is formed in the 
memory chip 420 and includes the plurality of microbump 
units ( 202 , 203 ) and detects a reflected waveform ( 1203 ) . 
Subsequently , the propagation delay time measurement unit 
412A performs analysis processing on the reflected wave 
form that has been detected and measures propagation delay 
time of partial transmission path in each longitudinal direc 
tion ( stacking direction ) which includes the plurality of 
microbump units ( 202 , 203 ) and the interconnect ( including 
TSV ) 201 ( 1204 ) . For example , it is assumed that a reflected 
waveform that indicates change in impedance , which is 
illustrated in FIG . 13 , has been detected . In this case , 
assuming that a period in which change in impedance has 
occurred due to reflection in the partial transmission path 
that is a measurement target is propagation delay time , the 
propagation delay time measurement unit 412A measures 
Atl and At2 as the propagation delay time of the partial 
transmission path in the longitudinal direction illustrated in 
FIG . 11 . 
[ 0059 ] Next , the temperature determination unit 413 refers 
to the propagation delay time - temperature characteristic 
table 414A and calculates temperature of each memory area 
from the propagation delay time that has been measured in 
processing 1204 ( 1205 ) . For example , it is assumed that the 
relationship between the propagation delay time and the 
temperature which is indicated by the propagation delay 
time - temperature characteristic table 414A indicates char 
acteristics illustrated in FIG . 14 . In this case , the temperature 
determination unit 413 determines that temperatures Tm ( 1 ) 
and Tm ( 2 ) in vicinity of the partial transmission path in the 
longitudinal direction illustrated in FIG . 11 are temperatures 
T1 and T2 that correspond to the propagation delay times 
Atl and At2 . Thus , the temperature determination unit 413 
calculates the temperature of each memory area from the 
propagation delay time that has been measured in processing 
1204 . 
10060 ] Next , the processor 411 refers to the refresh con 
dition table 415 and sets a refresh interval of each memory 
area , based on the temperature of each memory area , which 
has been calculated in processing 1205 ( 1206 ) . Then , the 
processor 411 performs control of a refresh operation for a 
memory in accordance with the refresh interval that has been 
set ( 1207 ) . Thereafter , the stacked memory device regularly 
executes an operation of 1203 to 1207 . 
[ 0061 ] The stacked memory device in the third embodi 
ment calculates temperature of each memory area from the 
propagation delay time in the partial transmission path in the 
longitudinal direction , which has been obtained by TDR 
measurement using the transmission path formed in the 
memory chip 420 , and sets a refresh interval of each 
memory area , based on the temperature that has been 
calculated . Thus , in the stacked memory device in the third 
embodiment , an influence of the heat generation of an LSI 
disposed in vicinity of the stacked memory device or the like 
is observed in a simple manner , so that optimization of 
refresh intervals may be achieved , a refresh operation may 
be executed for each memory area at proper refresh intervals 
in accordance with the temperature of the memory area , and 
power consumption may be reduced . Also , a wait time for 
waiting an access from a CPU may be reduced and perfor 
mance may be increased , as compared to a case in which a 
uniform refresh interval is set for the entire memory , by 

Fourth Embodiment 
[ 0062 ] Next , a fourth embodiment will be described . 
[ 0063 ] FIG . 15A is a cross - sectional view illustrating a 
configuration example of a stacked memory device in the 
fourth embodiment . As illustrated in FIG . 15A , the stacked 
memory device in the fourth embodiment has the configu 
ration illustrated in FIG . 1B and includes a transmission path 
that is used for TDR measurement for temperature measure 
ment . The transmission path that is used for TDR measure 
ment is formed of an interconnect 1501 , such as TSV , an 
intra - chip interconnect , or the like , and a microbump unit 
including a microbump 1502 and a solder 1503 that joins the 
microbumps 1502 together . In the stacked memory device in 
the fourth embodiment , a transmission path that is used for 
TDR measurement is formed such that the intra - chip inter 
connect is included between the microbump units ( 1502 , 
1503 ) . As in a layout example viewed from top , which is 
illustrated in FIG . 15B , the intra - chip interconnect 1501 of 
the transmission path that is used for TDR measurement is 
disposed so as to be close to a memory cell area 1511 in 
which a memory cell is formed . In FIG . 15B , the reference 
numeral 1512 denotes an interconnect for the memory cell . 
[ 0064 ] As illustrated in FIG . 16 , one end of the transmis 
sion path that is used for TDR measurement is coupled to the 
TDR unit 301 in the logic chip 101 and the other end of the 
transmission path is terminated by a terminal resistor . The 
TDR unit 301 measures change in propagation delay time or 
impedance in the transmission path by applying a pulse 
signal or a step signal to the transmission path and observing 
a reflected waveform that returns . Note that the functional 
configuration of the stacked memory device in the fourth 
embodiment is similar to the functional configuration of the 
stacked memory device in the first embodiment , which is 
illustrated in FIG . 4 , and therefore , the description thereof 
will be omitted . 
[ 0065 ] FIG . 17 is a chart illustrating an example of refresh 
control in a stacked memory device in the fourth embodi 
ment . In refresh control in the fourth embodiment , before 
refresh control is performed , the propagation delay time 
temperature characteristic table 414A that indicates a rela 
tionship between propagation delay time of the microbump 
unit ( 1502 , 1503 ) and temperature which have been obtained 
in advance is stored in the logic chip 410 ( 1701 ) . In the 
fourth embodiment , the propagation delay time - temperature 
characteristic table 414A for the transmission path including 
TSV and an intra - memory - chip interconnect is stored . Also , 
a refresh condition that indicates a refresh interval relative to 
temperature is set in the refresh condition table 415 of the 
logic chip 410 ( 1702 ) . 
10066 ] . When refresh control is started , the propagation 
delay time measurement unit 412 A performs TDR measure 
ment using a transmission path which is formed in the 
memory chip 420 and includes a plurality of microbump 
units ( 1502 , 1503 ) and detects a reflected waveform ( 1703 ) . 
Subsequently , the propagation delay time measurement unit 
412A performs analysis processing on the reflected wave 
form that has been detected and measures propagation delay 
time between the microbump units ( 1502 , 1503 ) ( between 
reflecting points ) ( 1704 ) . For example , it is assumed that a 
reflected waveform that indicates a change in impedance , 
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which is illustrated in FIG . 18 , has been detected by reflec 
tion at a point A , a point B , and a point C illustrated in FIG . 
16 . In this case , the propagation delay time measurement 
unit 412A measures Atl as the propagation delay time of a 
transmission path from the point A to the point B formed 
with the intra - chip interconnect 1501 that is disposed so as 
to be close to a memory cell interposed therebetween and 
At2 as the propagation delay time of a transmission path 
from the point B to the point C formed with the intra - chip 
interconnect 1501 that is disposed so as to be close to a 
memory cell interposed therebetween . 
[ 0067 ] Next , the temperature determination unit 413 refers 
to the propagation delay time - temperature characteristic 
table 414A and calculates temperature of each memory area 
from the propagation delay time that has been measured in 
processing 1704 ( 1705 ) . Subsequently , the processor 411 
refers to the refresh condition table 415 and sets a refresh 
interval of each memory area , based on the temperature of 
each memory area , which has been calculated in processing 
1705 ( 1706 ) . Then , the processor 411 performs control of a 
refresh operation for a memory in accordance with the 
refresh interval that has been set ( 1707 ) . Thereafter , the 
stacked memory device regularly executes an operation of 
1703 to 1707 . 

[ 0068 ] The stacked memory device in the fourth embodi 
ment calculates the temperature of each memory area from 
the propagation delay time that has been obtained by TDR 
measurement using the transmission path including an inter 
connect disposed so as to be close to a memory cell and sets 
a refresh interval of each memory area , based on the 
temperature that has been calculated . Thus , in the stacked 
memory device in the fourth embodiment , a transmission 
path is disposed in vicinity of a memory cell , and thereby , 
the temperature of the memory cell is more precisely 
observed , so that optimization of refresh intervals may be 
achieved , a refresh operation may be executed for each 
memory area at proper refresh intervals in accordance with 
the temperature of the memory area , and power consump 
tion may be reduced . Also , a wait time for waiting an access 
from a CPU may be reduced and performance may be 
increased , as compared to a case in which a uniform refresh 
interval is set for the entire memory , by executing a refresh 
operation for each memory area at proper refresh intervals in 
accordance with the temperature of the memory area . 
[ 0069 ] Note that , although , in each of the first to fourth 
embodiments described above , a single TDR unit and a 
single transmission path that is used for TDR measurement 
are illustrated for explanation purposes , in consideration of 
an area range that is a measurement target , attenuation of a 
signal in a transmission path , or the like , a stacked memory 
device includes a proper number of TDR units and trans 
mission paths that are used for TDR measurement . Also , not 
only a configuration in which a single TDR unit is included 
for a single transmission path but also a configuration in 
which a single TDR unit is included for a plurality of 
transmission paths may be employed . 
[ 0070 ] Also , although , in each of the first to fourth 
embodiments described above , the processor 411 in the logic 
chip 410 performs control of a refresh operation for a 
memory in accordance with a refresh interval that has been 
set , control in which the processor 411 regularly issues a 
request for a refresh operation , the memory chip 420 selec 

tively responds to the request in accordance with the refresh 
interval that has been set , and a refresh operation is executed 
may be performed . 
10071 ] All examples and conditional language recited 
herein are intended for pedagogical purposes to aid the 
reader in understanding the invention and the concepts 
contributed by the inventor to furthering the art , and are to 
be construed as being without limitation to such specifically 
recited examples and conditions , nor does the organization 
of such examples in the specification relate to a showing of 
the superiority and inferiority of the invention . Although the 
embodiments of the present invention have been described 
in detail , it should be understood that the various changes , 
substitutions , and alterations could be made hereto without 
departing from the spirit and scope of the invention . 
What is claimed is : 
1 . A semiconductor device in which a plurality of chips 

each including a memory circuit is stacked , the semicon 
ductor device comprising : 

a transmission path including a plurality of microbumps 
formed in the plurality of chips ; 

measurement circuitry that detects a reflected waveform 
when a signal is transmitted in the transmission path 
and measures propagation delay time for a certain part 
on the transmission path from the reflected waveform 
that has been detected ; 

determination circuitry that calculates temperature of 
each memory area that corresponds to the certain part 
from the propagation delay time that has been mea 
sured by the measurement circuitry ; and 

control circuitry that sets a refresh interval of each 
memory area , based on the temperature of each 
memory area , which has been calculated by the deter 
mination circuitry , and executes a refresh operation of 
the memory circuit in each memory area at the refresh 
interval that has been set . 

2 . The semiconductor device according to claim 1 , 
wherein the measurement circuitry measures propagation 

delay time of the plurality of microbumps . 
3 . The semiconductor device according to claim 1 , 
wherein the measurement circuitry measures propagation 

delay time between the plurality of microbumps that 
are coupled in a stacking direction of the plurality of 
chips via through silicon via . 

4 . The semiconductor device according to claim 1 , 
wherein the transmission path includes an interconnect of 

the chip , which is disposed so as to be close to a 
memory cell of the memory circuit , and 

the measurement circuitry measures propagation delay 
time between the plurality of microbumps with the 
interconnect of the corresponding chip , which is dis 
posed so as to be close to the memory cell , interposed 
therebetween . 

5 . The semiconductor device according to claim 1 , 
wherein a high dielectric underfill is filled between the 

chips that are stacked . 
6 . The semiconductor device according to claim 1 , 
wherein the determination circuitry refers to a table that 

indicates a relationship between the propagation delay 
time and temperature and calculates temperature of 
each memory area from the propagation delay time that 
has been measured by the measurement circuitry . 
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7 . The semiconductor device according to claim 1 , 
wherein the control circuitry refers to a table that indicates 

setting of the refresh interval relative to temperature 
and sets the refresh interval that corresponds to the 
temperature of each memory area , which has been 
calculated by the determination circuitry , for each of 
the memory areas . 

8 . A semiconductor device in which a plurality of chips 
each including a memory circuit is stacked , the semicon 
ductor device comprising : 

a transmission path including a plurality of microbumps 
formed in the plurality of chips ; 

measurement circuitry that detects a reflected waveform 
when a signal is transmitted in the transmission path 
and measures impedance of the plurality of 
microbumps from the reflected waveform that has been 
detected ; 

determination circuitry that calculates temperature of 
each memory area that corresponds to the plurality of 
microbumps from impedance that has been measured 
by the measurement circuitry ; and 

control circuitry that sets a refresh interval of each 
memory area , based on the temperature of each 
memory area , which has been calculated by the deter 
mination circuitry , and executes a refresh operation of 
the memory circuit in each memory area at the refresh 
interval that has been set . 

9 . The semiconductor device according to claim 8 , 
wherein a high dielectric underfill is filled between the 

chips that are stacked . 
10 . The semiconductor device according to claim 8 , 
wherein the determination circuitry refers to a table that 

indicates a relationship between the impedance and 

temperature and calculates temperature of each 
memory area from the impedance that has been mea 
sured by the measurement circuitry . 

11 . The semiconductor device according to claim 8 , 
wherein the control circuitry refers to a table that indicates 

setting of the refresh interval relative to temperature 
and sets the refresh interval that corresponds to the 
temperature of each memory area , which has been 
calculated by the determination circuitry , for each of 
the memory areas . 

12 . A control method for a semiconductor device in which 
a plurality of chips each including a memory circuit is 
stacked , the control method comprising : 

causing measurement circuitry of the semiconductor 
device to detect a reflected waveform when a signal is 
transmitted in a transmission path including a plurality 
of microbumps formed in the plurality of chips and 
measure propagation delay time for a certain part on the 
transmission path from the reflected waveform that has 
been detected ; 

causing determination circuitry of the semiconductor 
device to calculate temperature of each memory area 
that corresponds to the certain part from the propaga 
tion delay time that has been measured ; and 

causing control circuitry of the semiconductor device to 
set a refresh interval of each memory area , based on the 
temperature of each memory area , which has been 
calculated , and execute a refresh operation of the 
memory circuit in each memory area at the refresh 
interval that has been set . 

* * * * * 


